On behalf of the Dutch Parelsnoer Institute-Cerebrovascular Accident Study Group Background--Ischemic and hemorrhagic stroke are increasingly recognized as heterogeneous diseases with distinct subtypes and etiologies. Information on variation in distribution of vascular risk factors according to age in stroke subtypes is limited. We investigated the prevalence of vascular risk factors in stroke subtypes in relation to age.
distinct subtypes, etiologies, and epidemiological patterns. Consequently, vascular risk profiles may differ according to stroke subtype and age. However, information on the variation in distribution of vascular risk factors according to age in stroke subtypes is limited, 3, 4 although there are studies that report specifically on risk factors for stroke in the young and in the elderly. [5] [6] [7] [8] [9] We investigated age-specific prevalences of vascular risk factors in patients with IS and its subtypes, sICH, and aSAH in a prospective multicenter hospital-based cohort in The Netherlands.
Methods Study Population and Definition of Stroke
We included patients with cerebral ischemia, including both IS and transient ischemic attack (TIA), sICH, or aSAH who were enrolled in an ongoing prospective registry of 8 university hospitals between September 2009 and November 2014 in The Netherlands. 10 In this study, the so-called Parelsnoer
Initiative, clinical data, imaging, and biomaterials of patients with stroke are prospectively and uniformly collected. 10 We approached all eligible patients, or a next of kin when patients were unconsciousness or mentally incompetent, for informed consent within the first 3 months after the event. For simplicity, we used IS to refer to patients with IS or TIA. IS, sICH, and aSAH were defined according to the World Health Organization criteria for stroke and TIA, 11 and confirmation on computed tomography or magnetic resonance imaging was required for sICH and aSAH. We further classified IS into specific subtypes according to Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification: 12 large artery atherosclerosis (LAA), small vessel disease (SVD), cardioembolic stroke, other determined cause, and undetermined cause. 12 For the current analyses we only included the IS subtypes LAA, SVD, and cardioembolic stroke because both IS of other determined cause and of undetermined origin represent a variety of diseases. ICH was defined as spontaneous when presumably caused by rupturing of small vessels in the presence of hypertension or cerebral amyloid angiopathy. We excluded ICH patients with known macrovascular causes (eg, arteriovenous malformation, dural arteriovenous fistula, cavernoma, cerebral venous sinus thrombosis), tumor, or other rare causes. We defined aSAH by the presence of subarachnoid blood on noncontrast computed tomography compatible with a ruptured aneurysm and an aneurysm on computed tomography, magnetic resonance imaging, or digital subtraction angiography.
The ethics committees of all participating centers approved the study and all patients provided written informed consent.
Assessment of Risk Factors
We dichotomized ethnicity between white versus non-white origin. We defined obesity as a BMI ≥30 kg/m 2 , calculated by dividing weight in kilograms by the square of height in meters. We defined hypertension as ever or current diagnosis or treatment with antihypertensive drugs, whereas diabetes mellitus was defined as ever or current diagnosis or treatment with antidiabetic drugs. Total cholesterol >3.5 mmol/L, low-density lipoprotein cholesterol >2.5 mmol/L, or treatment with lipid-lowering agents was considered as hypercholesterolemia. Information about these modifiable risk factors was obtained by consulting the patients' medical records or general practitioners. We defined smoking as current or recently stopped, in which "recently" was defined as less than 6 months. Lastly, family history of early-onset cardiovascular disease was considered positive in the case of a first-degree relative with a past vascular event, which included IS, ICH, SAH, myocardial infarction, and peripheral artery disease, before the age of 60 years for patients with either IS or sICH. For patients with aSAH, we considered the family history as positive in the case of at least one first-degree relative with aSAH.
Statistical Analysis
We 
Ischemic Stroke Overall
We found male predominance among all age groups, most prominently in patients aged 55 to 75 years ( Figure 1A ; Table S1 ). Patients aged <55 years (7.5%) or 55 to 65 years (6.8%) were significantly more often non-white than those in the reference age group of 65 to 75 years (3.8%; Figure 2A ; Table S2 ). Compared with the reference group, patients aged ≥75 years were significantly less often obese (MD, À7.0%; 95% CI, À11.0 to À3.1), whereas prevalences of obesity were similar among the other age groups (%20%) (Figure 2A ). Prevalence of hypertension increased with age. Prevalences of hyperlipidemia and diabetes mellitus increased up to the age of 75 years, and declined thereafter. Smoking was the most prevalent modifiable risk factor among the youngest (43.9%) group, and decreased with age, especially after the age of 65 years ( Figures 1A  and 2A ). Patients aged ≥75 years significantly less often reported a family history of early-onset cardiovascular disease ( Figure 2A ) than younger patients. 13 The total number of potentially modifiable risk factors increased up to the age of 75 years, and declined thereafter ( Figure 3A ; Table S3 ).
Ischemic Stroke Caused by Large Artery Atherosclerosis
We found male predominance among all age groups ( Figure 1B ; Table S4 ). Obesity was most prevalent in the youngest group (30.3%). Hypertension was present in >50% in all age groups. The prevalence of hyperlipidemia increased up to the age of 75 years, whereas it declined thereafter ( Figure 2B ; Table S5 ). Diabetes mellitus was found most often in patients aged 65 to 75 years (25.7%), but also in 15.7% of those aged <55 years ( Figure 1B) . Compared with the reference age group, patients <65 years smoked significantly more often, and those ≥75 years significantly less ( Figure 2B ). A family history of early-onset cardiovascular disease was significantly more often reported by those aged <55 years (55.6%) in comparison with the reference group (42.1%), and significantly less by those aged ≥75 years (27.7%) ( Figure 2B ). Accumulation of at least 2 potentially modifiable risk factors was seen in more than half the patients ( Figure 3B ; Table S3 ). 
Ischemic Stroke Caused by Small Vessel Disease
In patients with IS caused by SVD, we found a higher prevalence of men than women only in those aged <65 years ( Figure 1C ; Table S6 ). The proportion of patients of non-white origin declined with age. Obesity was most frequent among the youngest age group (28.3%). Hypertension (45.8%), hyperlipidemia (32.5%), and diabetes mellitus (18.6%) were all frequent in patients with IS caused by SVD aged <55 years and the prevalence of these risk factors generally increased CIs in the prevalences of the vascular risk factors for each age group in relation to that of the reference age group (65-75 years for ischemic stroke and intracerebral hemorrhage and 55-65 years for aneurysmal subarachnoid hemorrhage). Ischemic stroke overall (A); ischemic stroke caused by large artery atherosclerosis (B), small vessel disease (C), or cardioembolism (D); spontaneous intracerebral hemorrhage (E); and aneurysmal subarachnoid hemorrhage (F).
with age ( Figure 1C ). Smoking was most prevalent among those aged <55 years (51.3%) and declined with age ( Figure 2C ; Table S7 ). Approximately half the patients had at least 2 potentially modifiable risk factors ( Figure 3C ). In contrast with other IS subtypes, in patients with IS caused by SVD we observed little variation in the distribution of the total number of risk factors present across the age groups (Figure 3B through 3F; Table S3 ).
Ischemic Stroke Caused by Cardioembolism
In patients with IS caused by cardioembolism, we observed male predominance except in patients aged ≥75 years ( Figure 1D ; Table S8 ). The prevalence of non-white origin showed little variation with age ( Figure 2D ; Table S9 ), whereas obesity peaked markedly (26.9%) between 55 to 65 years ( Figure 1D ). In the youngest age group, hypertension (22.9%), hyperlipidemia (13.0%), and diabetes mellitus (8.7%) were all less prevalent in comparison with either LAA or SVD. These differences became less marked with increasing age ( Figure 1B through 1D ). Smoking and a family history of early-onset cardiovascular disease were less prevalent in all age groups compared with patients with IS caused by either LAA or SVD ( Figure 1B through 1D). Patients with IS of cardiac origin aged <65 years most often had <2 modifiable risk factors, in particular those aged <55 years; these differences were no longer prominent in those aged ≥65 years ( Figure 3D ; Table S3 ).
Spontaneous Intracerebral Hemorrhage
A male predominance was noticed up to 75 years of age, but not thereafter ( Figure 1E ; Figure 2E ). Hypertension was frequent among all age groups, with prevalences rising up to 75 years of age; thereafter, we noticed a declining prevalence. Prevalence of hyperlipidemia and diabetes mellitus increased with age. Again, smoking was most prevalent (34.8%) in the youngest age group and declined with increasing age. About a third of those aged <65 years reported a family history of earlyonset cardiovascular disease ( Figure 1E ). The majority of patients aged <65 years had only one modifiable risk factor, whereas approximately half of the patients aged ≥65 years had at least 2 potentially modifiable risk factors ( Figure 3E ; Table S3 ).
Aneurysmal Subarachnoid Hemorrhage
Patients with aSAH showed a strong female preponderance (73.8%; Figure 1F ; Figure 2F ; Table S13 ). In all groups, prevalences of hyperlipidemia and diabetes mellitus were low and showed a gradual increase with age. Familial occurrence of aSAH was found stable among the age groups (%8%). Regardless of age, most patients had only one known potentially modifiable risk factor, but the proportion of patients with more than one risk factor increased with age ( Figure 3F ; Table S3 ).
Discussion
In this prospective multicenter university hospital-based cohort in The Netherlands we found that the prevalence of cardiovascular risk factors shows age-specific patterns among various stroke subtypes. Except for aSAH, we found a male predominance in all stroke subtypes, which attenuated with advancing age. IS, sICH, and aSAH patients aged <55 years were significantly more often of non-white origin. Obesity was present in more than one fifth of patients aged <55 years with sICH and in those with IS caused by either LAA or SVD. Age-specific prevalences of potentially modifiable risk factors showed a comparable pattern for LAA and SVD. These patients more often had hypertension, hyperlipidemia, and diabetes mellitus than patients with IS of cardiac origin if they were aged <55 years, but these differences became less marked with increasing age. Accumulation of potentially modifiable risk factors was generally most pronounced in patients with LAA or SVD as compared with patients with cardioembolic stroke. In most IS subtypes, we observed declining prevalences of hyperlipidemia and diabetes mellitus in patients aged ≥75 years. In all stroke subtypes, smoking was most prevalent among the youngest group; the proportion of smokers being highest in patients with aSAH.
Ischemic Stroke Overall
The declining proportion of patients with hyperlipidemia, diabetes mellitus, and smoking in the elderly IS is in line with previous population-and hospital-based cohorts 4,7-9 and may reflect mortality displacement. 4 Excess (vascular-related) mortality in patients with vascular risk factors ultimately results in low prevalence rates among survivors. In contrast with our findings, a Danish nationwide hospital-based cohort including 40 102 first-ever IS patients found a declining prevalence of hypertension in the elderly (>70-80 years). 4 A difference with our study is that we also included patients with previous strokes (23.4%), in whom hypertension may already have been diagnosed. We consistently found smoking to be most prevalent in patients aged <55 years (43.9%). In the nationwide study in Denmark, smoking prevalence peaked (55%) at 50 years of age and declined rapidly thereafter, conforming to our observation. 4 
Ischemic Stroke Caused by Large Artery Atherosclerosis
Almost a third of patients with IS caused by LAA were obese; this is twice as frequent as the proportion of obesity reported for Dutch persons of similar age. 14 For IS in general, a previous study found a similar age-specific pattern. 4 Obesity predisposes to the so-called metabolic syndrome, 15, 16 consisting of hypertension, hyperlipidemia, and diabetes mellitus, which may be reflected by the accumulation of risk factors observed in patients with IS caused by LAA. Such risk factor accumulation has been previously observed, but not specifically for IS subtypes. The Helsinki cohort also showed accelerated accumulation of traditional risk factors from the mid-40s, most prominent in men, 5, 17 whereas only 5% of the young stroke patients in sifap1 were devoid of any modifiable risk factor. 
Ischemic Stroke Caused by Small Vessel Disease
Female predominance in patients with IS caused by SVD aged ≥75 years likely reflects their longer life expectancy. Only in this IS subtype, diabetes mellitus showed no decline in prevalence in the elderly. In line with our study, most previous hospital-and population-based cohorts found that hypertension, diabetes mellitus, and smoking appear equally common in SVD and LAA and that these subtypes do not harbor different risk profiles. [18] [19] [20] [21] However, by specifying the prevalences of risk factors for age, we observed that accumulation of modifiable risk factors in the young is more pronounced in those with SVD than in other IS subtypes.
Ischemic Stroke Caused by Cardioembolism
Patients with IS of cardiac origin aged <55 years carried less potentially modifiable risk factors than those with IS caused by LAA or SVD. This is probably explained by cardiac disorders such as patent foramen ovale, atrial septal aneurysms, and (inherited) cardiomyopathies that are not associated with vascular risk factors. 5, 22 The observed steep rise in prevalence of risk factors with age in this group is compatible with atrial fibrillation as the most common source of cardioembolism in the elderly and its prevalence increasing with age. 23 The peaking prevalence of obesity in those aged 55 to 65 years may herald the trend of an increasing attributable risk for atrial fibrillation due to obesity. 23 
Spontaneous Intracerebral Hemorrhage
The finding that the proportion of patients of non-white origin is high in the young is consistent with previous reports showing that blacks and Hispanics have a higher risk of (deep) sICH than white. 24, 25 Our finding of a trend towards higher prevalence of obesity in those aged <65 years than in the elderly suggests a role for unclarified (age-related) metabolic factors in sICH etiology. A previous study among 384 consecutive sICH patients aged ≥55 years found that high BMI values >30 kg/m 2 but also low values of <18.5 kg/m 2 were associated with deep but not lobar ICH risk, most prominently in men. 26 Despite the frequent association between obesity and hyperlipidemia, higher levels of total cholesterol and particularly triglycerides have repeatedly been suggested to protect against ICH. 26, 27 We noticed hyperlipidemia in only 12.5% of patients aged <65 years. Consistent with previous observations, 24,28 diabetes mellitus and smoking, but not hypertension, were less prevalent among all age groups with sICH than in IS.
Aneurysmal Subarachnoid Hemorrhage
Our observation of female preponderance and a high prevalence of smoking is in line with previous observations. [29] [30] [31] Hypertension, another well-established risk factor for aSAH, 30, 32 was found to be least prevalent (19.6%) in the youngest age group. Many young aSAH patients may be unaware of preexisting hypertension at the time of hemorrhage since aSAH occurs at a relatively young age, often as a first vascular event. Familial occurrence of aSAH was found to be stable among the different age groups, while, in contrast, older IS and sICH patients less often reported a family history of cardiovascular disease. A positive family history may reflect the involvement of genetic risk factors in aSAH pathophysiology and its involvement may be regardless of age. Alternatively, the proportion of a positive family history in the young may be low in these patients because aSAH has yet to occur in a next of kin, as aSAH incidence increases with age. 33 
Strengths and Limitations
Strengths of our study are its large size, prospective design, and application of standardized phenotyping of stroke subtypes and definitions of vascular risk factors. Our study also has limitations. First, it represents a university hospitalbased cohort and is not population based. At the same time, this has the advantage of our study being enriched for young stroke patients. The observed higher proportion of non-white among young stroke patients may be due to socioeconomic inequalities among ethnic minority groups 34 
Conclusions
We show in a large, well-phenotyped cohort that stroke subtypes have different risk profiles that vary according to age. Recognition of these patterns may guide more tailored primary and secondary stroke prevention efforts, including targeted prevention campaigns for specific age groups. For example, our study emphasizes the importance of premature atherosclerosis in the etiology of stroke in the young. Since young stroke patients have an increased risk of vascularrelated mortality over the course of 20 years, 38,39 and the incidence of stroke in young patients is rising, 40 there is a large need for specific strategies to prevent cardiovascular disease in these patients. 
